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FOREWORD 


The  requirement  to  determine  levels  of  chemical  contamination  on, 
or  migrating  from,  installations  is  of  concern  to  the  Department  of 
the  Army,  Project  Manager  for  Chemical  Demilitarization  and 
Installation  Restoration.  Therefore,  a  Quality  Control  (QC)  program 
has  been  established  at  Chemical  Systems  Laboratory,  Aberdeen, 
Maryland.  To  implement  the  QC  program,  standard  explosives  are 
being  provided,  prepared,  and  reposlted  under  continuous 
surveillance  by  the  Large  Caliber  Weapon  Systems  Laboratory,  Dover, 
New  Jersey.  Also,  a  Standard  Analytical  Reference  Material  (SARM) 
work  plan  has  been  formulated  involving,  initially,  six  materials. 
This  work  plan  is  funded  through  the  Product  Assurance  Directorate 
of  ARRADCOM. 
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INTRODUCTION 


The  requirement  to  determine  levels  of  chemical  contamination 
on,  or  migrating  from,  installations  necessitates  chemical  analyses 
which  unequivocally  establish  these  levels.  Since  the  results  of 
these  analyses  will  provide  the  basis  for  making  critical  decisions, 
it  la  imperative  that  the  analytical  data  be  valid.  Therefore,  a 
Quality  Control  (QC)  program  has  been  established  to  insure  the 
scientific  reliability  and  compatibility  of  laboratory  data 
generated  in  support  of  the  Army  Installation  Restoration  Program. 
For  the  Implementation  of  the  QC  program,  standard  explosives  are 
being  provided,  prepared,  and  reposited  under  continuous 
surveillance. 

A  Standard  Analytical  Reference  Material  (SARM)  work  plan  haB 
been  formulated  involving,  initially,  TNT,  RDX,  2,4~DNT,  2,6-DNT, 
picric  acid,  and  tetryl.  With  time,  the  number  of  standard 
explosives  will  be  increased,  and  involvement  will  be  on  a 
continuing  basis.  This  program  entails  the  procurement  and 
purification  of  the  standards  to  98%  or  better.  The  purity  of  the 
SARM' s,  as  determined  by  the  most  modern  instrumental  methods  of 
analysis  directly  after  purification  and  after  aggravated  storage, 
vfill  be  checked  periodically  while  the  SARM's  are  in  storage  at  0°C. 

EXPERIMENTAL 


Purification  of  SARM's 

TNT:  Procedure  as  described  in  reference  1. 

RDX:  Procedure  as  given  in  reference  2. 

2,4-DNT:  As  received,  K&K  Laboratories,  Plainview,  New  York. 
2,6-DNT:  As  received,  K&K  Laboratories,  Plainview,  New  York. 
Picric  acid:  Procedure  as  described  in  reference  3. 

Tetryl:  Procedure  as  given  in  reference  4. 

Record  of  Identity 

Infrared  (IR),  Pevkin-Elmer  model  021*,  procedure  as  given  in 
reference  8. 

Nuclear  Magnetic.  Resonance  (NMR) ,  Varian  model  T60;  procedure  as 
described  in  reference  7. 
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Aggravated  Storage  Teat 

Approximately  2  g  of  each  SARM  contained  in  Bcrew-top  glass 
bottles  were  stored  for  a  period  of  2  weeks  in  a  constant 
temperature  chamber  set  at  70°C  ±  1°C.  The  accelerated  thermal 
effect  on  the  stability  of  the  SARM's  was  determined  by  Differential 
Scanning  Calorimetry  (DSC),  and  checked  by  High  Performance  Liquid 
Chromatography  (HPLC),  or  Gas  Chromatography  (GC),  before  and  after 
storage  at  70°C. 

Purity  Determination 

Equipments  Perkin-Elmer  model  IB  DSC.  Special  conditions! 
sample  size,  between  1  and  2  mg;  heating  rate,  1.25°C/minute;  range, 
i;  chart  speed,  160  mm/minute. 

Procedure  as  described  in  reference  5. 

The  SARM's  of  acceptable  purity  were  stored  at  0°C  ±  1°C. 

Elemental  Analysis 

Samples  of  SARM's  were  submitted  to  Schwarzkopf  Microanalytical 
Laboratory,  Woodside,  New  York,  for  C,  H,  and  N  determinations 
before  storage  at  70°C.  All  determinations  were  run  in  duplicate. 

Fingerprints 

Gas  Chromatography!  Hewlett  Packard  model  7626A;  procedure  as 
described  in  reference  6. 

High  Performance  Liquid  Chromatography:  Perkin-Elmer  Series  3; 
procedures  aa  stipulated  in  respective  figures. 


RESULTS  AND  DISCUSSION 
RECORD  OF  IDENTITY  OF  SARM'S 

The  infrared  spectra  of  Standard  Analytical  Reference  (SAR) 
2,4,6-TNT,  RDX,  2,4-DNT,  2,6-DNT,  picric  acid  (PA),  and  tetryl  shown 
in  figures  1  through  6,  respectively,  were  compared  to  those 
reported  by  Pristera,  et  al. ,  (ref  9)  and  found  to  be  identical  in 
every  specific  absorbance  frequency. 

As  an  independent  and  complimentary  method  of  identification, 
NMR  spectra  of  the  above  SARM's  were  also  generated  and  compared  to 
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those  published  by  Hogan  and  Richter  (ref  7).  The  NMR  Bpectrum 
(fig.  7)  and  its  integral  (fig.  8)  obtained  for  SAR-TNT  dissolved  in 
acetone  confirms  its  identity.  The  line  positions  for  the  three 
methyl  and  two  ring  protons  agree  within  experimental  error  with  the 
published  spectrum  (fig.  9).  As  expected,  the  ratio  of  the 
respective  peak  areas  obtained  from  the  integral  of  the  spectrum, 
within  experimental  error,  is  3:2. 

The  NMR  spectra  obtained  for  SAR-RDX  (fig.  10)  and  SAR  2,4-DNT 
(fig,  11)  confirm  the  identities  of  these  materials.  The  line 
positions  seen  in  these  spectra  agree  with  those  of  the  published 
spectra.  The  integral  (fig.  12)  of  the  2,4-DNT  spectrum  shows  the 
expected  peak  area  ratios  (1:1: 1:3)  for  the  three  ring  protons  and 
the  methyl  protons. 

The  only  published  NMR  spectrum  of  2,6-DNT  in  reference  7  is 
for  a  sample  dissolved  in  thionyl  chloride  (SOC^),  a  solvent  which 
is  currently  unavailable.  However,  the  line  pattern  seen  in  the 
published  spectrum  is  repeated  in  the  spectra  obtained  with  d- 
acetone  (fig.  13)  and  d-DMSO  (fig.  14)  although  the  ring  proton 
signals  are  shifted  downfield  somewhat.  The  line  position  data  are 
summarized  in  table  1.  Individual  line  assignments  for  the  ring 
protons  have  not  been  made.  However,  the  integral  of  the  d-acetone 
spectrum  (fig.  15)  shows  that  the  downfield  ring  proton  pattern 
represents  the  same  number  of  protons  as  the  three  methyl  proton 
signal  at  approximately  150  Hz.  The  data  above  lend  credence  to 
establishing  the  identity  of  the  sample  as  2,6-DNT. 

Identification  of  SAR-PA  by  NMR  is  less  straightforward.  In  d- 
acetone  solution  the  position  of  the  signal  attributable  to  the 
labile  phenolic  protons  (fig.  16)  has  been  found  to  vary  with  each 
type  of  solvent  (ref  7).  In  d-DMSO  solution  (fig.  17)  the  phenolic 
proton  apparently  reacts  with  water  normally  present  in  the  solvent, 
causing  the  water  line  at  200  Hz  to  disappear  and  changing  the 
position,  shape,  and  amplitude  of  its  own  line.  The  integral 
of  the  d-acetone  spectrum  (fig.  18)  showB  the  expected  ratio  of 
approximately  2:1  for  the  ring  and  phenolic  proton  signals, 
respectively.  The  line  position  data  are  summarized  In  table  2  (ref 
10).  This  supportive  evidence  corroborates  the  sample  as  being  PA. 

The  NMR  spectrum  (fig.  19)  and  integral  (fig.  20)  obtained  for 
SAR-tetryl  dissolved  in  d-acetone  confirm  its  identity.  The  line 
positions  for  the  three  methyl  and  two  ring  protons  agree  within  ex¬ 
perimental  error  with  those  published  in  reference  7.  As  expected, 
the  ratio  of  the  respective  peak  areas,  within  experimental  error, 
is  3:2. 
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For  the  record,  under  the  category  of  identification  and  in 
support  of  the  more  absolute  methods  cited  above,  elemental  analyses 
of  the  SARM's  were  conducted  prior  to  storage  at  70aC  and  the 
results  obtained  are  listed  in  table  3,  The  values  are  shown  to  be 
within  one  percent  of  those  calculated. 

Purity  of  SARM's 

The  detailed  data  on  the  purity  of  the  SARM's,  prior  to  aggra¬ 
vated  storage,  as  determined  by  DSC,  are  listed  in  tables  4  through 
9,  and  purity  data  of  the  SARM's  after  aggravated  storage  are  shown 
in  tables  10  through  .15.  For  convenience  of  comparative  evaluation 
of  the  stability  of  the  SARM's  as  a  result  of  aggravated  storage  at 
709C,  the  respective  pre-  and  post-storage  percent  purity  values  are 
listed  in  table  16.  All  of  the  SAR  samples  are  shown  to  be  of 
acceptable  purity  and  thermal  stability  under  the  conditions  of  the 
ten  replicate  determinations.  The  percent  changes  in  purity  are 
within  the  reported  experimental  error  of  ±  0.045  percent  (ref  5), 
except  for  the  SAR's  2,4-  and  2,6-DNT.  Their  respective  purities 
are  observed  to  have  increased  as  a  result  of  storage  at  70°C  over  a 
2-week  period.  Apparently,  the  trace  impurities  present  initially 
in  the  SARM's  are.  volatile  and  hence  are  dri/en  off,  rendering  the 
host  materials  purer  to  the  extents  shown. 

Fingerprinting  of  SARM's 

The  fingerprinting  of  the  SARM's  has  been  included  in  this 
qualification  program  as  p.  complementary  method  to  the  DSC  for 
purity  determination.  The  fingerprinting  by  GC  for  volatile  and 
HPLC  for  non-volatile  SARM's  is  used  to  profile  impurities  before 
and  after  aggravated  storage.  For  the  surveillance  testing  every  6 
months,  the  fingerprinting  will  be  used  in  conjunction  with  the  DSC 
determinations  in  order  to  detect  trends  in  impurity  profiles. 

The  impurity  profiles  of  TNT  determined  by  GC  before  and  after 
aggravated  storage  are  shown  in  figures  21  and  22,  respectively. 
The  impurities  identified  are  present  at  trace  levels  (less  than  10 
ppm)  and,  therefore,  are  expected  to  have  a  minor  effect  on  the 
purity  as  indicated  above  by  DSC.  What  Is  of  noteworthy  interest  is 
the  fact  that  the  impurity  peaks  numbered  3, 4, and  5  changed  only 
slightly  in  intensity,  and  that  no  new  impurities  were  generated 
after  storage  at  70°C. 

The  SAR-RDX,  because  of  Its  relative  nonvolatility,  was  run  on 
the  HPLC  before  and  after  2  weeks  storage  at  70°C  (fig.  23).  The 
only  impurity  peak  observed  is  due  to  HMX  and  its  magnitude  corre¬ 
sponds  to  the  amount  indicated  by  the  DSC  percent  purity  determi¬ 
nations.  The  aggravated  storage  test  induced  no  change  in  the 
impurity  profile. 
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The  GC  impurity  profiles  of  SAR-2.4-DNT  before  and  after 

storage  are  shown  in  figures  24  and  25%  The  unknown  impurity 

designated  by  3  is  apparently  associated  in  part  with  purity  values 
obtained  by  DSC  (table  16)%  The  volatile  impurity  mentioned  earlier 
might  be  related  to  the  percent  change  corresponding  to  15  ppm%  The 
disappearance  of  the  volatile  impurity  is  not  reflected  by  the  chro¬ 
matograms,  probably  duo  to  the  fact  that  the  retention  time  of  t ho 
impurity  is  identical  with  that  of  the  solvent  acetone%  A  small 

unsymmetrical  peak  at  17.6  minutes  is  observed  in  figure  25  which 

may  indicate  the  formation  of  an  impurity  during  the  storage  test% 

The  GC  impurity  profile  (fig%  26)  of  SAR-2,6-DNT,  before  the 
storage  test,  depicts  a  trace  component  designated  4  at  approxi¬ 

mately  17  minutes  retention  time%  This  impurity  does  not  change  in 
intensity  after  the  storage  test  (fig%  27).  On  the  other  hand,  a 
new  impurity  peak  appears  at  18  minutes,  apparently  resulting  from 
the  aggravated  storage  test.  As  in  the  case  of  the  2,4-DNT,  the 

disappearance  of  the  volatile  component  in  figure  26  may  also  be 

attributed  to  a  similar  retention  time  with  the  solvent  peak. 

Attempts  to  chromatograph  SAR-PA  and  tetryl  on  the  GC  were 
unsuccessful.  Therefore,  both  were  run  on  the  HPLC  as  shown  in 

figures  28  and  29.  These  chromatograms  are  uevoid  of  any  impurities 
as  indicated  by  HPLC.  The  aggravated  storage  test  had  no  effect  on 
the  purity  profile  of  either  of  these  SARM's. 

CONCLUSIONS 

The  secondary  explosives  TNT,  RDX,  2,4-DNT,  2,6-DNT,  PA,  and 
tetryl  selected  for  qualification  as  SARM's  have  met  all  of  the 
requirements  prescribed  under  the  established  Quality  Control 
Program.  The  SARM's  are  presently  in  a  repository  at  0°C  ±  1°C 
in  approximately  500-g  quantities,  to  be  tested  for  purity  every  6 
months. 
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Table  3.  Elemental  analysis  of  SARM'a 

Carbon  Hydrogen  Nitrogen 

SARM  Found  Calculated  Found  Calculated  Found  Calculated 
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Table  9.  Purity  of  tetryl  before  storage 
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Table  13.  Purity  of  2,6-DNT  after  aggravated  storage 
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Table  14.  Purity  of  picric  acid  after  aggravated  storage 
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Infrared  spec trust  of  SAR-tetryl  of  99.681  purity 


Integral  of  WfR  spectra  of  SAR.— 2,4,6-THT 
99. 5Z  purity,  before  storage  at  70*C. 


Spectrum  23  2,4,6-Trinitrotoluene,  Military  Grade 


Assignments  (Hz) 

a  122  (impurity) 

b  162 

c  540 


Solvent  d-acetone 

Solution  filtered  no 

Sweep  time  (sec)  2S0 

Sweep  width  (Hz)  500 

Sweep  offset  (Hz)  110 

RF  power  level  065 

Spectrum  amplitude  10 

Filter  factor  1 

Sample  spinning  rate  (RPS)  37 


Figure  9.  NMR  spectrum  of  2,4,6 -TNT  from  Picatinny  Arsenal  Technical  Report  4790. 
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►-DHT,  dissolved  in 
before  storage  at  70*C 


Figure  13,  HQt  spectrum  of  SAR-2 ,  G-DHT,  dissolved  In 

d-acetone,  99.39Z  parity,  before  storage  at  70*C 


(I,  dissolved  In 
:ore  storage  at  70*C 


figure  16.  IWR  spectra*  of  SAR-picric  acid,  dissolved  in 

d -acetone,  99.89Z  purity,  before  storage  at  70“C 


Figure  17.  MS  spectn*  of  SAR— p icric  acid,  dissolved  In 
d-WSO,  99.891  parity,  before  storage  at  70  C 


figure.  18.  Integral  of  m  spectra*  of  SAJt-pIcric  acid,  dissolved 
In  d-acetone,  99.891  purity,  before  storage  at  70  C. 
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Figure  22.  GC  of  SAR-2 ,4 ,6-TNT,  99.5%  purity,  after  storage  at  70 

43  •' 


LC  of  SAR.-RDX  before  (right)  and  after  (left)  2  weeks" 
storage  at  70*C. 
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Condition*: 

Column:  KP-S ,  5y 
Temperature:  30*C 
Mobile  phase:  15%  acetonitrile 
85%  water  with 
1%  acetic  acid 
Attenuation:  X16 
Flow  rate:  1  mL/min. 

Injection:  5  microliter  FA 
(24.7  mg/mL) 


TIME 

Figure  26.  LC  of  SAR-picric  acid  before  (right)  and  after  (left) 
2  weeks  storage  at  70rC  ' 
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